Abstract-The essence of this work is development of a sensor that would extract the information about the presence of Downey Mildew disease, in its primitive stage, within the Grape crop standing in the field. This is done by using image process technology, color features of the Grape and the Downey Mildew disease analysis. The analysis of the data obtained from the Grapevine showed that the color set for thie Downey Mildew disease for the Grape is clearly distinct so the disease can directly be detected from the Grapevine. The experiment showed that the disease could be identified accurately at the time of its emergence hence it can be controlled easily. The output regarding the intensity of the Downey Mildew disease cam be obtained from the analysis. ' 
I. INTRODUCTION
In order to control the diseases and pests of crops methods are being adopted, such as pre-treatment of' the seed, soil and prior application of the insecticide, pesticides and fungicides which is done on prediction basis. When any disease is observed the diseased plants are destroyed or chemicals are used to control them. Hence, many models have been designed to make predictions on the basis of field data. Reports show a great amount of loss in food is due to diseases[l, 2, 31. It is fit to develop such a type of robot which may perform the job of field observations of Downey Mildew(DM) disease in Grapevines because it causes a huge loss to the vine industries in many countries. The work presented here has been undertaken to mmimize the human labor hours and thereby decreasing the cost of production as well as resulting in the increased yield production and reduction in chemical hazards. To achieve this goal the present work is an attempt towards identifying the disease affected crop automatically. On the basis of our studies we selected image processing as a tool for making the detector. For this purpose q3 module has been made under Visual Basic. The problem is initiated by confining the problem of diagnosiddetection of disease affected plant or presence of harmful insect/pests to develcipment of a sensor that would extract the information about the DM disease, in its primitive stage, within the field of Grapevine by inspection of image.
Section II describes the DM disease, symptoms of DM disease and existing control measures. In order to develop our disease detector we have first studied disease and symptoms of *DM disease then the existing control measures were revie ved.
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Section 111 describes the architecture of proposed sensor for detection of DM disease. In Section N we have described the experimentation for detection of the DM disease and validation of the performance of the sensor.
DOWNEY MILDEW DISEASE AND EXISTING CONTROL MEASURES
In this section, we have first described the disease and symptoms of Downey Mildew (DM) disease (Sec. A), existing control measures and approaches to solve various crop-field problems (Sec. B).
A. Disease and Symptoms of Downey Mildew
A disease is a damage to the plant health caused by infectious organisms (pathogens) that multiply and spread to other nearby plants. Diagnosis of plant disease is the field science and practice of identifying the disease is the most dependable method of controlling a disease in the field. It is very easy to identify such diseases like Rust, Smuts, Downey Mildew (DM) and Powdery Mildew due to structure of the pathogen prominently visible to naked eyes. However, many diseases may cut across the area of the plant and cannot be detected by naked eyes[4, 51.
Symptoms of DM disease appear on leaves, young shoots and immature berries. DM of grape vine (Vitis Vinifera species) is cased by fangos named Plasmophora Viticola.
The infection takes 5 to 18 days to develop new inoculum depending on humidity and temperature. On the upper surface of leaves: irregular light yellow spots are seen, on the opposite surface below these spots downy (soft, gray color) growth of the fungus is present. Later, due to necrosis, dark brown spots are formed on the leaves. The growth on the lower surface becomes dirty gray. A number of gray spots coalesce to form large necrotic patches. When infection of berries occurs in early stages of their development fungal growth is visible on the surface [ 6 ] .
B. Existing Control Measures
Heterogeneity of the crop field has been visualized by image processing using the aerial image [7] . Various A module has been made under Visual Basic. On the basis of the experiments it can be stated that the DM disease can be detected in its primitive stage, in Grape leaf using our module.
It is worth mentioning here that so far no work has been done to identify any crop disease directly by any means other than human eye detection.
ARCHITECTURE OF PROPOSED SENSOR
The proposed sensor (see Fig.1 
and the luminance of spatially distributed object is as given below Ja image formation (image grasping or collection of illumination by the camera sensor, image creation and camera out put as voltage signal), image pretreatment and recognition of Downey Mildew (DM) disease. We define our problem as detecting a Where c(X) is the color light and I(x) is light distribution.
B.
Image Pretreatment singularity in a contineous process of plant growth. We consider the healthy plant, growing normally i.e. having.the color variation within a fixed threshold, to be a continuous process and the diseases as some singularities. Then developing a system capable of detecting one singularity using the color information.
The second module of the sensor is pretreatment of the . image. The raw input image is preprocessed before being presented to the recognition of DM disease module.
I ) Image Resizing: The images we collect from the different tools have a huge size and that big size is not required for our work. In order to reduce the load and save the time each image is first adjusted to fit the screen using the Compression ratio.
A. Image Formation
The first module of the sensor is image formation. Image formation is based on luminance and chrominance [37] . The composite video signal with 2 1 line interlace are represented as (i, j ) , the color data of C p ( i , j ) of the pre-processed image was replaced, by the filter, to a new CL(i,j) and this new CL(i,j) is used as output of window center pixel color value. Green = integer ( Cu rr;;CoE or ) And 255 (9) ) And 255 (10) ( 65536
Compressed File Site
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After this, the leaf image is passed through the thresholds for DM disease and finally it is analyzed for disease. Figure  3 shows a part of a diseased leaf and image after diseases detected on it is shown by Figure 4 . 
Current Color
C. Recognition of Downy Mildew Disease
The third module of the sensor is recognition of the downy mildew (DM) disease (Fig.5) . After the pre-processing image is sent for detection of DM disease. Thresholding for the DM disease is done using the threshold (T) obtained from the experiment, information was analyzed for presence of the disease. If a pixel color value falls within the T. as defined below, it is recognized as diseased area.
(1 1) Fig. 3 . Part of a Grape Leaf with Downey Mildew disease in its advanced stage. done by using the "lor Obtailned experimental'y* probabilities of the intensities of the three color channels. The
Color of image at each pixel is read as CurrentColor and the data is saved as binalized image (Fig. 4) . If N be the total number of the pixels in an image and W is maximum width of the image in number of pixels the current position can be obtained as P (ImageX, ImageY) . where R, G and B are, the three color channels and N is the number of pixels in the image. The color distribution (Figd) is computed by discretizing the colors within the image and counting the number of pixels of each color. Figure 6 describes that the probabilities of the intensities of the three color channels for disease are distinct and do not intersect with that for the leaves and the stem of the Grape plant.
If a part of the image is found to be infected by the DM disease, a report is sent as output in the form of an image with the portion of disease enlightened and a histogram of the image. Along with this, an alarm can also be added to alert the farmer. Data from pretreated leaf image is analyzed for leaves' continuity/singularity for its R, G, B and Gray levels and the results were analyzed. The white spots in Figure 4 indicate the position of the disease present in the image/leaf. Since the symptoms of Downy Mildew (DM) disease appears first on the back side of the Grape leaf as gray spots we consider the back side (gray color) of the leaf in the study and detection of the DM disease.
IV. EXPERIMENTS
A system for automatic disease detection, sensor has been made. We have used Visual Basic platform to make the module for the proposed sensor. In total 470 leaf images including both sides of the healthy and diseased leaves were collected under different lighting conditions from the Grape field at Horticultural Research Institute, Ibaraki Agricultural Center, Japan, during August-September, 2003. Images were aIso collected in natural lighting conditions from Kasama Grape field, Ibaraki, Japan, where they were grown naturally, during ~ 003. A total of 280 leaf data as visual images were check the performance of the module. It is known that the first visual appearance of the Downey Mildew (DM) disease is always on the back side of the leaves as gray spots and then in later case it appears on other parts. Hence, the back side (gray color) was given priority in the study. In order to detect the disease directly from the image, without any image extraction, all aged leaves were included in the study of the healthy as well as diseased leaves. A total of six different tools were used to collect the images, namely one video camera with a frame grabber ( the image formed by reverting the signal to color image and framed at the rate of 30 frames per second as still image (640 * 480), two digital cameras and two scanners (see Table 1 ) and a light box. This was done to understand the variations in images in different illuminations and different resolutions. Figure 7 shows a set of three original images including diseased leaf image with the disease at its emergence state, a healthy leaf image, a leaf image with disease growing only at one point, their respective restored images and their images with disease detected as white spots on the final images respectively. Figure   7 describes clearly that the DM disease can be detected at its very beginning time. The first image in the set contains disease at the time of its emergence to the surface, according to the minute observation 13 visible spots were found on it, where disease has emerged. Out of these 13, 6 were more easily visible due to their relatively bigger sizes. In our module, 5 diseased spots appear as very sharp and clearer than others but all the spots have been observed on the output image. The middle image of the set is an image of a healthy leaf the module show no disease detected in this image, the third image of the set is an image in which the disease had started at a point and grew at the same point, there are no other point where disease occur. The module shows the point where the disease is growing. Output image contains the information about the amount of disease spread in any image. If images could be collected for the whole crop, covering each leaf present in the field, the analysis of all the images can give the information ' regarding percentage crop area affected by the disease hence the intensity of the disease can be estimated. It is also possible to collect the information regarding the position of each image in the field therefore, the location of the diseased part of the crop can be known. Experiments show that our system can detect the diseased area on a leaf or stem at the moment its area (sum of the area covered by the diseased spots in one leaf) covers 2.72 % of fully spread disease with 0.0168 % errcr. The time taken for individual processes are shown in Table 2 . 
V. DISCUSSION
In the real field all aged leaves are present in a single branch and a single field image may include multi aged leaves hence all aged leaves were included in the study of the healthy and diseased leaves. The color distribution (Fig. 6) for the disease and the normal healthy leaves show that the probability of intensities of the color channels are distinct for the tgo, this justifies the use of color for the detector. Since, t h t sy of DM Disease appear on the back side of !he leaf back side (gray color) was given priority in the.study. To emphasize, the gray color threshold was disease. Present work is totaly based on th The special feature of this sensor is that comparison with the other model via location of the pixel. This avoids extraction and reallocation of the part of image. In short, images are directly processed to find the presence of the disease hence saving process time and load. This confirms that the detector can detect the disease at the point of its emergence to the surface of the plant as well as presence of the supporting guards in the field and a human face also do not affect the working. In some images error had occured due to presence of polethen covers used to cover the berries but this can be managed by selecting other color cover. Hence, this sensor can be used in real crop field.
Sensor performance was calculated by using the human vision system as the base and comparing the results obtained by the sensor for the leaf with known disease level on the image. Total number of spots of the disease present on the image and the numbers obtained by the sensor were examined. For the error calculations in case when disease was in its premitive stages number of disease-spots were considered while for the wide spread disease conditions area was calculated due to easiness. All the comparisons were based on human visual perception. It is worth mentioning here that a leaf may be fully damaged by the disease but it is possible that the disease spread in the crop be still within the controllable limit. We have observed through the observation that our system can detect the diseased area on a leaf or stem as soon as it appear(which could be detected by human vision system) disease with 0.0168 % error. In case of DM disease danger level is 5% area coverage of the field by the disease. It is observed through the experiments that the disease can be detected in the image collected by cameras having resolution above 3 mega piXeL Any modern video camera capable of adjusting the light is fit for the sensor. In this work we have concentrated on detection of the disease i.e. detection of the disease within an image. The results prove that the approach is suitable for DM disease detection. We are yet to check for the field area coverage of the disease. Since the proposed detector detect the disease as soon as it appears, it can be presumed that it can detect the disease before it covers 5 % of crop area. In order to use this system in the field we need to record the data regarding the camera adjustments zi the time of the image collection. The time required for each process can be increased by using faster machine. Hence, the system can be used for the detection in run time.
VI. CONCLUSION AND FUTURE WORK '
A module for color based Downey Mildew (DM) disease detector has been made. Unlike the conventional method of forecasting a disease based on the climatic data and the field records, our approach is to detect the disease at the time of its emergence on the surface of the plant. The developed sensor was found to be suitable for detecting the DM disease in Grape Plants. Experiments show (Figure 7 ) that our system can detect the diseased area on a leaf or stem at the moment gray spot (disease symptom ) appears on the plant i.e. is visible to human. Out of 100 spots detection, 99.9832 spots can be detected positively and 0.0168 case fall negative. Error calculation is done on the basis of the size and number of the diseased spot and the size and number of the spot detected by the sensor. In case of DM disease the danger level is 5% spread of the disease within a crop field. If images could be collected such that it covers 100% field crop it can be stated that our system can detect the DM disease before it reaches the danger level. The results prove that the approach is suitable for DM disease detection. The system is usable in runtime detection so it can be said that timely check for the disease is possible. We are yet to check for the field area coverage of the disease.
We plan to design a completely automatic system which can collect the data though the video, process the images and activate some alarm for the operator to perform the check measures, at the time a singularity. Design of a mobile platform with a manipulator and a video camera fixed to the end effector along with an attached position sensor is under consideration. DM disease occurs on various plants we plan to experiment the sensor for other plants for DM disease.
DM symptoms are similar to shell like disease so, in order to discriminate it from the DM, we plan to study and analyze the shell-like disease and check for its distinctions from the DM in future. This will also enable us to judge if the present work is suitable for detection of the shell-like disease.
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